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(57) ABSTRACT 

An X-ray diagnostic apparatus includes an image generating 
unit Which generates a plurality of X-ray images by repeat 
edly radiographing a subject before and after injection of a 
contrast medium, a region detecting unit Which detects a 
non-contrast region from a plurality of mask images before 
injection of the contrast medium and a plurality of contrast 
images after injection of the contrast medium, Which consti 
tute the plurality of X-ray images, a mask selecting unit Which 
separately selects one mask image With respect to each of the 
contrast images on the basis of a correlation between the 
contrast image and the mask image upon localization to the 
non-contrast region, and a subtraction processing unit Which 

(56) References Cited generates a subtraction image by performing subtraction 
between the contrast image and the selected mask image. 
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X-RAY DIAGNOSTIC APPARATUS, IMAGE 
PROCESSING APPARATUS, AND PROGRAM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from prior Japanese Patent Application No. 2006 
042665, ?led Feb. 20, 2006, the entire contents of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an X-ray diagnostic appa 

ratus, image processing apparatus, and program Which per 
form subtraction processing betWeen images before and after 
the injection of a contrast medium. 

2. Description of the Related Art 
In performing DSA (Digital Subtraction Angiography) 

examination of an abdominal region, the patient is basically 
forced to temporarily hold his/her breath. However, normal 
DSA cannot be performed on a patient Who cannot hold 
his/her breath, e. g., an elderly person, an infant, or an uncon 
scious patient. Under the circumstances, there has been pro 
posed a method of acquiring a larger number of mask images 
than that obtained by normal DSA, and selecting an optimal 
mask image, for each contrast image, Which is similar in 
tissue movement to the contrast image from the acquired 
mask images, thereby obtaining a DSA image With only a 
blood vessel being enhanced While suppressing motion arti 
facts caused by the respiration of the patient (see Jpn. Pat. 
Appln. KOKAI Publication No. 2004-112469). 

This method gives consideration to a region With much 
movement in determining an optimal mask image, and deter 
mines an optimal mask by comparison With a contrast image 
upon localiZation to the region. 

HoWever, a great shift may sometimes occur. This shift 
occurs because this method makes a blood vessel coincide 
With the bone structure of a mask image so as to reduce the 
in?uence of a signal based on the blood vessel Which does not 
exist in the mask image. See Jpn. Pat. Appln. KOKAI Publi 
cation No. 2004-112469. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to reduce artifacts 
due to positional shifts caused by the body movement of a 
subject Which occurs When subtraction processing is per 
formed betWeen images before and after the injection of a 
contrast medium. 

According to an aspect of the present invention, there is 
provided an X-ray diagnostic apparatus comprising an image 
generating unit Which generates a plurality of X-ray images 
by repeatedly radiographing a subject before and after inj ec 
tion of a contrast medium, a region detecting unit Which 
detects a non-contrast region from a plurality of mask images 
before injection of the contrast medium and a plurality of 
contrast images after injection of the contrast medium, Which 
constitute the plurality of X-ray images, a mask selecting unit 
Which separately selects one mask image from the plurality of 
mask images With respect to each of the contrast images on 
the basis of a correlation betWeen the contrast image and the 
mask image upon localiZation to the non-contrast region, and 
a subtraction image generating unit Which generates a sub 
traction image by performing subtraction betWeen the con 
trast image and the selected mask image. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
Additional objects and advantages of the invention Will be 

set forth in the description Which folloWs, and in part Will be 
obvious from the description, or may be learned by practice of 
the invention. The objects and advantages of the invention 
may be realiZed and obtained by means of the instrumentali 
ties and combinations particularly pointed out hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate embodi 
ments of the invention, and together With the general descrip 
tion given above and the detailed description of the embodi 
ments given beloW, serve to explain the principles of the 
invention. 

FIG. 1 is a block diagram shoWing the arrangement of an 
X-ray diagnostic apparatus according to an embodiment of 
the present invention; 

FIG. 2 is a vieW shoWing an example of an initial WindoW 
in this embodiment; 

FIG. 3 is a ?oWchart shoWing a semi-automatic processing 
procedure in this embodiment; 

FIGS. 4A to 4F are supplementary vieWs for second ROI 
detection processing in FIG. 3; 

FIG. 5 is a supplementary vieW for bottom trace image 
generation in FIG. 4; 

FIG. 6 is a ?owchart shoWing an automatic processing 
procedure in this embodiment; 

FIG. 7 is a vieW shoWing an electrocardiographic Wave 
form for supplementarily explaining automatic sorting of 
mask images and contrast images in a modi?cation to this 
embodiment; 

FIG. 8 is a graph shoWing temporal changes in the total sum 
value of subtraction images; 

FIG. 9A is a vieW shoWing original mask images handled in 
optimal mask selection step S03 in FIG. 3; 

FIG. 9B is a vieW shoWing original contrast images 
handled in optimal mask selection step S03 in FIG. 3; 

FIG. 10A is a vieW shoWing mask images from Which 
blood vessel regions are removed in step S03 in FIG. 3; 

FIG. 10B is a vieW shoWing contrast images from Which 
blood vessel regions are removed in step S03 in FIG. 3; and 

FIG. 11 is a vieW shoWing that a mask image M3 is selected 
With respect to a contrast image M2 in step S03 in FIG. 3. 

DETAILED DESCRIPTION OF THE INVENTION 

A preferred embodiment of the present invention Will be 
described beloW With reference to the vieWs of the accompa 
nying draWing. Note that the present invention includes an 
image diagnostic apparatus Which can acquire contrast 
images. This type of image diagnostic apparatus includes an 
X-ray diagnostic apparatus, ultrasonic diagnostic apparatus, 
magnetic resonance imaging apparatus, PET, and SPECT. 
Any of these apparatuses can be applied to the present inven 
tion. The folloWing Will exemplify an X-ray diagnostic appa 
ratus. 

FIG. 1 shoWs the arrangement of an X-ray diagnostic appa 
ratus according to this embodiment. An image acquisition 
unit 2 includes an X-ray tube 1 and an X-ray detector 3 Which 
face each other through a subject P placed on a bed. The X-ray 
tube 1 and the X-ray detector 3 are supported by a “C”-shaped 
arm (not shoWn). This arm has three or more axes of rotation 
and is arbitrarily rotatable around them. The subject P can be 
observed from various directions by moving the X-ray tube 1 
and X-ray detector 3 by utiliZation of the rotation of the arm. 
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This apparatus uses a ?at panel detector (FPD) including a 
scintillator and a photodiode array as the X-ray detector 3. 
However, the apparatus may use a combination of an image 
intensi?er and a TV camera as the X-ray detector 3. An 
injector 5 is a device for automatically injecting a contrast 
medium into the subject P. This device can inject a contrast 
medium and stop the injecting operation in accordance With 
control signals from a control unit 9. Since the injector 5 
operates under the control of the control unit 9, the operator 
can designate the time from the start of radiography to the 
injection of a contrast medium, i.e., the acquisition time for 
mask images, through the console 17, and can make the 
injector 5 automatically start injecting the contrast medium 
When the designated acquisition time has elapsed from the 
start of radiography. 
An image processing apparatus 7 receives an analog video 

signal of an X-ray image output from the X-ray detector 3 
through an analog/ digital converter 13. In addition to an inj ec 
tor interface 11 and the analog/ digital converter 13, the image 
processing apparatus 7 comprises the control unit 9, an image 
memory 15 Which stores image data and the like, a console 
17, a mask selecting unit 19, an ROI identifying unit 20, a 
subtraction processing unit 21, a mask/contrast sorting unit 
22, a digital/analog converter 23, and a display 25. 

The mask/contrast sorting unit 22 sorts a plurality of X-ray 
images acquired by the image acquisition unit 2 into a plu 
rality of mask images before the injection of the contrast 
medium and a plurality of contrast images after the injection 
of the contrast medium. A sorting method to be used may be 
a method of sorting/ designating a sequence of X-ray images 
into the above tWo types in accordance With an instruction 
input from the operator through the console 17 or a method 
based on automatic sorting. When, for example, automatic 
sorting is applied to the heart, the apparatus generates a plu 
rality of subtraction images With different electrocardio 
graphic phases by performing subtraction betWeen pairs of 
X-ray images, of a plurality of X-ray images Whose electro 
cardiographic phases are nearest to each other, and sorts the 
plurality of X-ray images into mask images and contrast 
images on the basis of temporal changes in the pixel values of 
the plurality of subtraction images. 

The ROI identifying unit 20 detects a region (to be referred 
to as a non-contrast region hereinafter) Which is almost free 
from the in?uence of the contrast medium and hardly under 
goes a change in density before and after the injection of the 
contrast medium on the basis of a plurality of mask images 
before the injection of the contrast medium and a plurality of 
contrast images after the injection of the contrast medium 
Which constitute the plurality of X-ray images acquired by the 
image acquisition unit 2. Although described in detail later, 
the ROI identifying unit 20 generates a ?rst minimum value 
projection image from a plurality of mask images by proj ec 
tion processing in the time-axis direction, generates a second 
minimum value projection image from a plurality of contrast 
images, and detects a non-contrast region on the basis of a 
subtraction image betWeen the ?rst minimum value projec 
tion image and the second minimum value projection image. 

The mask selecting unit 19 selects an optimal one of the 
mask images acquired before the injection of the contrast 
medium for each of the contrast images acquired after the 
injection of the contrast medium. Although described in detail 
later, in brief, the mask selecting unit 19 calculates the corre 
lation betWeen a given contrast image and each of a plurality 
of mask images upon localiZation to the non-contrast region 
detected by the ROI identifying unit 20, and selects, as an 
optimal mask image, a mask image exhibiting the least posi 
tional shift betWeen tissues except for a change due to the 
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4 
contrast medium for each contrast image. This makes it pos 
sible to reduce an artifact due to a positional shift on the 
subtraction image Which is caused by the body movement of 
the subject. This artifact is a false image produced by a sub 
traction computation residue due to the positional shift. 

The subtraction processing unit 21 generates a subtraction 
image by performing subtraction betWeen a contrast image 
and a selected mask image. The display 25 receives the sub 
traction image through the digital/ analog converter 23 or 
directly displays it. 
Mask selecting operation according to this embodiment 

Will be described beloW. A speci?c case for an abdominal 
region Will be described ?rst. This mask selecting operation 
may be the operation of selecting an optimal one of a plurality 
of mask images for each contrast image, or may be applied to 
another technique as a preliminary stage, e.g., a so-called 
re-mask stage of tentatively selecting a mask image, for each 
contrast image, Which is regarded to have an equivalent phase 
upon rough measurement of a respiratory phase by another 
method, initially generating a plurality of subtraction images 
by subtraction betWeen the respective pairs, and redoing the 
processing from the selection of mask images from the sub 
traction images With respect to contrast images exhibiting 
large body movement artifacts, in particular. The folloWing 
Will exemplify the application of the operation to the re-mask 
stage. 

This apparatus acquires contrast blood vessel images by 
using a special program for abdominal regions, Which is 
designed for radiography under respiration. This program 
performs mask image acquisition at, for example, 10 fps 
(frame/ sec) for 5 sec, and then performs contrast image acqui 
sition at 3 fps. The control unit 9 transmits the mask acquisi 
tion time to the injector 5. The injector 5 sets 5 sec as a delay 
time. At the start time of image acquisition (When an X-ray 
trigger is turned on), the control unit 9 transmits a radiogra 
phy start signal to the injector 5. The injector 5 starts injecting 
a contrast medium after the lapse of 5 sec from the reception 
of the radiography start signal. The operator turns off the 
X-ray trigger When the purpose is achieved. The image 
memory 15 stores the data of a plurality of X-ray images 
acquired before and after the injection of the contrast 
medium. 

FIG. 2 shoWs an example of a check WindoW for a subtrac 
tion image upon initial mask image selection. If body move 
ment artifacts have excessively occurred on the subtraction 
image, three types of modes are prepared for re-mask pro 
cessing. The three types of modes include a manual mode (a 
mode of manually selecting an optimal mask image), a semi 
automatic mode (a mode of selecting an optimal mask image 
partly manually), and an automatic mode (a mode of auto 
matically selecting an optimal mask image Without any 
manual operation throughout the entire process). 

First of all, in setting the manual mode, When the operator 
turns on the manual button (Manual) While a re-mask target 
contrast image is displayed (or a subtraction image betWeen 
the initial mask image and a contrast image is displayed), the 
button is set in the depressed state. In this state, manual 
re-mask processing is made valid. When the operator presses 
this button again, the button returns to the initial projected 
state, and manual re-mask processing is made invalid. While 
this processing is valid, the operator can visually check a 
subtraction image based on each mask image by sequentially 
changing the mask images by operating the up ('I‘) and doWn 
(\|,) keys of the keyboard. Alternatively, the operator can per 
form the same processing by pressing the buttons located 
beside the manual button. The operator selects a correspond 
ing mask image from a plurality of mask images. The plural 
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ity of mask images are images radiographed before the inj ec 
tion of the contrast medium. In this case, the initial 50 frames 
correspond to them. When the operator changes the mask 
image, the frame number (1 to 50) of the mask image is 
displayed like “mask: k” on the upper left of the image (When 
the kth frame corresponds to a mask image). As the operator 
presses the up key, the frame number changes like “k+1” and 
“k+2”. LikeWise, as the operator pressed the doWn key, the 
frame number changes like “k- 1 ” and “k-2”. Upon selecting 
an optimal mask image, the operator presses the execution 
(Execute) key to con?rm the mask image. Operating this 
execution key Will make subsequent frames be displayed on 
the basis of the results obtained by applying the con?rmed 
mask image. 

FIG. 3 shoWs a re-mask processing procedure in the semi 
automatic mode. In setting the semi-automatic mode, When 
the operator turns on the semi-automatic button (Semi-auto), 
the button is set in the depressed state. In this state, re-mask 
processing in the semi-automatic mode is made valid. When 
the operator presses this button again, the button returns to the 
initial projected state. The semi-automatic re-mask process 
ing is then made invalid. First of all, When a re-mask target 
image is displayed (assume that the re-mask target image is 
the 10th image), semi-automatic re-mask processing is made 
valid, and an ROI mark representing a region of interest (ROI) 
is displayed on the image. The operator can select a rectan 
gular shape, a circular shape, or the like for this ROI mark. For 
example, the circular ROI mark is displayed on the image (see 
FIG. 4A). The operator can move and enlarge/ reduce this ROI 
mark by an arbitrary graphics draWing function. Note that the 
region of interest ROI Will be referred to as a ?rst ROI so as to 

be discriminated from an ROI (second ROI) to be described 
later. The operator sets the ?rst ROI so as to enclose a region 
Where a noticeable body movement artifact has occurred by 
using the ROI mark through the console 17 (S01). 

The operator presses the execution key to detect an optimal 
mask image. When the operator presses the execution key, the 
apparatus generates the bottom trace image in FIG. 4B in the 
folloWing manner upon localiZation to the inside of the ?rst 
ROI (see FIG. 5). A bottom trace image is obtained by search 
ing a plurality of images at different radiography times for a 
pixel value in the time direction for every coordinates, and 
setting the minimum value as a pixel value at the correspond 
ing coordinates on a minimum value projection image. This 
image is generally called MinIP. The radiographic region of 
the bottom trace image is covered by all mask images. 

Where m(x, y, 1) represents a mask image, m(x, y, k) is the 
pixel value at the (x, y) coordinates (x, y: 1 to N, N:1024 in 
general) at the kth frame, and MIN represents the operation of 
obtaining a minimum value at every (x, y) coordinates up to 
the frame represented by k:1 to K (representing the number 
of frames, 50 in this case). This operation is performed only 
Within the ?rst ROI. The apparatus then generates the bottom 
trace image in FIG. 4C in the folloWing manner With respect 
to a contrast image. 
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Where c(x, y, k) represents a contrast image, c(x, y, l) is the 
pixel value at the (x, y) coordinates at the ?rst frame, and MIN 
represents the operation of obtaining a minimum value at 
every (x, y) coordinates up to the frame represented by 1:1 to 
L (representing the number of frames, 100 in this case). This 
operation is performed only Within the ?rst ROI. The appa 
ratus generates a subtraction image (FIG. 4D) betWeen the 
generated bottom trace image of the contrast image and the 
bottom trace image of the mask image in the folloWing man 
ner. 

(3) 

Using a threshold process for a subtraction image S(x, y) 
betWeen the bottom trace image of the contrast image and the 
bottom trace image of the mask image makes it possible to 
detect a blood vessel region With high accuracy (FIG. 4E). As 
shoWn in FIG. 4F, removing the detected blood vessel region 
from the ?rst ROI de?ned above alloWs to de?ne a neW 
second ROI (S02). This region of interest Will be expressed as 
an ROI 2. 

In the optimal mask detection step (S03), the apparatus 
sequentially performs correlation computation for an arbi 
trary contrast image c(x, y, l) to detect an optimal mask image. 
The apparatus determines a mask image exhibiting the loWest 
correlation computation result as an optimal mask image. 
Note that “the loWest correlation computation result” indi 
cates that the images are most approximate to each other in 
terms of the spatial position of tissue or the like Within a 
non-contrast region, i.e., the images exhibit the highest cor 
relation. Depending on the calculation method to be used, a 
mask image exhibiting the highest correlation computation 
result is determined as an optimal mask image. This correla 
tion computation can be Written as follows: 

(3) 
CR10 (k) = Z 

N 

1:1 

Where c(x, y, lo) and m(x, y, k) are respectively the contrast 
image of the 10th frame and the mask image of the kth frame, 
N is the matrix siZe of the image, and CR1O(k) is the correla 
tion computation result. This apparatus obtains correlation 
computation results from k:1 to K, and determines a mask 
image exhibiting the minimum correlation computation 
result as an optimal mask image. In addition, r2 (x) is de?ned 
as folloWs: 

In this case, the folloWing processing Will be described on 
the assumption that kO corresponds to a mask image Which 
minimiZes CRZ' (k). In subtraction step S04, the apparatus 

x: inside R012 

0: outside R012 
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performs subtraction between the contrast image c(x, y, l') 
and a mask image m(x, y, k0). The apparatus displays the 
subtraction result. When the observer approves the result and 
presses the execution button, the apparatus registers, for 
example, a frame number kO identifying an optimal mask 
image for the contrast image of the 1' th frame in a region 
attached to the DSA image (S06). The apparatus displays the 
registered optimal mask image by using the result obtained by 
applying the re-mask processing When the same image is 
displayed next. If the observer does not approve the result and 
presses the cancellation button, the apparatus erases the result 
(07). When the same processing is to be applied to a subse 
quent frame after the observer approves the result, the 
observer presses the application button (S05). 

In setting the automatic mode, When the operator presses 
the automatic button, the button is set in the depressed state, 
and the apparatus starts processing. When the processing is 
complete, the button returns to the initial state. FIG. 6 shoWs 
a speci?c ?owchart for this processing. First of all, the opera 
tor presses the automatic button after a re-mask target image 
is displayed (assume that the re-mask target image is the 1' th 
image). Upon starting the processing, the apparatus detects an 
ROI ?rst (S11). In the ROI detection step, the apparatus 
generates a bottom trace image of a mask image and a bottom 
trace image of a contrast image in the same manner as that 
indicated by equations (1) and (2). The apparatus uses equa 
tions (1) and (2) to generate bottom trace images only Within 
the ?rst ROI. In this case, hoWever, the apparatus performs the 
processing for the entire image. The apparatus obtains a sub 
traction image betWeen the generated bottom trace image of 
the contrast image and the bottom trace image of the mask 
image according to equation (3), and detects an ROI by per 
forming a threshold process for the obtained subtraction 
image (S11). 

Subsequent steps S12 to S16 respectively correspond to 
steps S03 to S07. The subsequent processing is performed in 
the same manner as in the semi-automatic mode. 

According to this embodiment, selecting an optimal mask 
image upon localiZation to a non-contrast image region upon 
removal of a region in?uenced by a contrast medium makes it 
possible to prevent false recognition of body movement due 
to the in?uence of the contrast medium and reduce artifacts 
due to positional shifts caused by the body movement of the 
subject Which occurs When subtraction processing is per 
formed betWeen images before and after the injection of the 
contrast medium. 

(Speci?c Processing) 
A speci?c example of mask image selection according to 

this embodiment Will be described beloW. FIG. 9A shoWs 
original mask images M1 to M5. FIG. 9B shoWs original 
contrast images C1 to C5. The purpose of this processing is to 
select a mask image exhibiting the minimum positional shift 
due to body movement from the mask images M1 to M5 for 
each of the contrast images C1 to C5. 

First of all, the apparatus generates bottom trace images (to 
be referred to as mask MinIPs) With respect to the mask 
images M1 to M5. LikeWise, the apparatus generates bottom 
trace images (to be referred to as contrast MinIPs) With 
respect to the contrast images C1 to C5. 

The apparatus then subtracts the contrast MinIPs from the 
mask MinIPs. This Will extract a contrast region covering the 
contrast images C1 to C5. That is, this processing extracts a 
global contrast region Which covers the contrast region of the 
contrast image C1, the contrast region of the contrast image 
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8 
C2, the contrast region of the contrast image C3, the contrast 
region of the contrast image C4, and the contrast region of the 
contrast image C5. 
The apparatus then removes this global contrast region 

from each of the original mask images M1 to M5 and from 
each of the contrast images C1 to C5. Referring to each of 
FIGS. 10A and 10B, the hatching indicates the removed 
global contrast region. The apparatus calculates the correla 
tions betWeen all combinations of the mask images M1 to M5 
and the contrast images C1 to C5 upon localiZation to the 
remaining regions (ROIs). 
The apparatus separately selects an optimal mask image 

from the mask images M1 to M5 for each of the contrast 
images C1 to C5 on the basis of the correlations. For example, 
as shoWn in FIG. 11, the apparatus selects the mask image M3 
as an optimal mask image for the contrast image C2. Obvi 
ously, an optimal mask image is a mask image exhibiting the 
minimum positional shift With respect to the contrast image. 

(First Modi?cation) 
The above embodiment automatically sorts acquired 

images into mask images and contrast images by using the 
delay time in the injector 5. When, hoWever, an injection 
syringe is used to inject a contrast medium, it is di?icult to 
inject the contrast medium in a predetermined period of time. 
It therefore suf?ces to sort acquired images into mask images 
and contrast images after image acquisition by inputting the 
number of frames of mask images in the item of the frame 
numbers of mask images. Notifying the timing of inj ection of 
a contrast medium using an injection syringe by displaying an 
injection start signal (icon or characters) on a monitor in an 
examination room can prevent failures. 

(Second Modi?cation) 
This embodiment can also be applied to a case of the heart. 

In order to acquire contrast blood vessel images, the appara 
tus selects a special program for the heart. This program 
acquires mask images at 60 fps for 2 sec, and acquires contrast 
images at 30 fps. The X-ray diagnostic apparatus transmits 
the mask acquisition time to the injector 5. The injector 5 sets 
2 sec as a delay time. At the start time of image acquisition 
(When an X-ray trigger is turned on), the control unit 9 trans 
mits a signal to the injector 5. The injector 5 starts injecting a 
contrast medium after the lapse of 2 sec from the reception of 
the signal. The operator turns off the X-ray trigger When the 
purpose is achieved. The image memory stores the contrast 
images after the injection of the contrast medium. As shoWn 
in FIG. 2, there are three types of modes for re-mask process 
ing, i.e., the manual mode, the semi-automatic mode, and the 
automatic mode. The operator uses the manual mode When it 
is necessary to perform re-mask processing after the comple 
tion of processing by the semi-automatic mode or automatic 
mode. 

The processes performed in the semi-automatic mode, 
automatic mode, and manual mode are the same as those 
described above. HoWever, in the case of examination on the 
heart, the operator often performs radiography in the 
extended vieWing angle mode to perform precise observation. 
In such radiography, sometimes large blood vessels are radio 
graphed ?rst, and then the bed is moved to folloW the ?oW of 
a contrast medium to peripheral blood vessels. In such a case, 
the apparatus detects the movement of the bed, sorts contrast 
images ranging from the contrast image of the ?rst frame to 
the frame immediately before the detection of the movement 
of the bed as ?rst contrast images and the subsequent contrast 
images as second contrast images, and applies this re-mask 
processing to only the ?rst contrast images. 
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Although only the movement of the bed is described here, 
it suf?ces to detect the movement of the arm, the operation of 
the collimator, the operation of the compensation ?lter, or the 
like and de?ne contrast images up to the time of detection as 
?rst contrast images. 

In addition, although contrast images are automatically 
sorted into ?rst contrast images and second contrast images, 
the operator may manually sort them (by, for example, input 
ting contrast frame numbers beloW the mask frame numbers 
in FIG. 2) as in the operation of sorting images into mask 
images and contrast images. 

(Third Modi?cation) 
According to the above description, the apparatus sorts 

images into mask images and contrast images by using the 
delay time. HoWever, this modi?cation uses an electrocardio 
graphic Waveform (FIG. 7) and performs subtraction betWeen 
an image as an initial characteristic Wave, typically an image 
betWeen R-Waves, and an image after the second R-Wave, 
Whose electrocardiographic phases are nearest to each other. 
The total sum value of subtraction images changes for each 
frame in the manner shoWn in FIG. 8. A point Where this 
change abruptly occurs can be determined as a point of time 
at Which a contrast medium is injected. This determination 
can be performed by one of the folloWing ?rst and second 
methods. 

The ?rst method calculates the difference betWeen the 
average value of several frames (e.g., ?ve frames) in the past, 
as the total sum value of subtraction images after the second 
R-Wave, and the value of the next frame, sets, as a start point, 
a point at Which the difference value exceeds a predetermined 
threshold consecutively throughout three frames, and deter 
mines a point of time 0.5 sec preceding the start point as the 
start of the injection of a contrast medium (the start of contrast 
images). 

The second method calculates the average value (MS) of the 
total sum values of subtraction images of several frames (e.g., 
15 frames) after the second R-Wave, sets, as a start point, a 
point at Which the values of three consecutive frames become 
smaller than a value (MS-Th) Which changes from the aver 
age value by a predetermined threshold (Th), and determines 
a point of time 0.5 sec preceding the start point as the start of 
the injection of a contrast medium (the start of contrast 
images). 

(Fourth Modi?cation) 
According to the above description, the apparatus performs 

subtraction betWeen the minimum value projection image of 
a mask image and the minimum value projection image of a 
contrast image, and extracts a blood vessel region (contrast 
region) by performing a threshold process With respect to the 
subtraction image. HoWever, the S/N ratio is very loW in a 
person With a large body thickness or in the direction of 
increasing body thickness (e.g., LAO60 or CAU30), and this 
method cannot properly extract a blood vessel region in some 
cases. In order to solve this problem, it suf?ces to perform, in 
a heart region, subtraction betWeen each of contrast images 
and one of mask images Which has a cardiac phase nearest to 
that of the contrast image, generate the minimum value pro 
jection image of the subtraction results, and extract a blood 
vessel region by performing a predetermined threshold pro 
cess With respect to the minimum value projection image. 

(Fifth Modi?cation) 
According to the above description, only a blood vessel 

region is extracted. HoWever, it suf?ces to combine this tech 
nique With the invention disclosed in Jpn. Pat. Appln. KOKAI 
Publication No. 2004-112469, Which extracts a body move 
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ment region and selects an optimal mask image on the basis of 
the degrees of coincidence up to the extracted region, and 
remove a contrast region from the body movement region, 
and calculate the degrees of coincidence upon localiZation to 
part of the remaining body movement region. That is, When 
selecting an optimal mask image from a plurality of mask 
images With respect to each contrast image, this technique 
uses the degree of similarity of a positional shift on an image 
due to the body movement of the subject as an index. HoW 
ever, it suf?ces to calculate the degree of similarity upon 
localiZation to part of the remaining body movement region 
obtained by removing a contrast region. 

(Sixth Modi?cation) 
According to the above description, each of contrast 

images is compared With each of all mask images. This 
method is free from errors but takes much calculation time. In 
order to shorten the calculation time, it is preferable to com 
pare mask images With contrast images upon narroWing doWn 
images to those near the cardiac phases of the contrast 
images. More speci?cally, if T represents a cardiac cycle and 
an arbitrary contrast image With an R-Wave being the origin is 
at a cardiac phase t, comparison is performed by using only 
mask images Within the range of IIT/ 6. 

Additional advantages and modi?cations Will readily 
occur to those skilled in the art. Therefore, the invention in its 
broader aspects is not limited to the speci?c details and rep 
resentative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 

What is claimed is: 
1. An X-ray diagnostic apparatus comprising: 
an image generating unit Which generates ?rst X-ray 

images before injection of a contrast medium and sec 
ond X-ray images after injection of the contrast medium; 

a region detecting unit Which detects a non-contrast region 
based on the ?rst X-ray images and the second X-ray 
images; 

a selecting unit Which selects one of the ?rst X-ray images 
With respect to each of the second X-ray images on the 
basis of a correlation betWeen the ?rst X-ray images in 
the non-contrast region and the second X-ray images in 
the non-contrast region; and 

a subtraction image generating unit Which generates sub 
traction images by performing subtraction betWeen each 
of the second X-ray images and the selected one of the 
?rst X-ray images. 

2. An apparatus according to claim 1, further comprising 
an operating unit Which sets an acquisition time for the ?rst 

X-ray images; and 
a control unit Which controls outputting of a contrast 
medium injection instruction at a point of time at Which 
the set acquisition time has elapsed from the start of 
radiography performed by the image generating unit. 

3. An apparatus according to claim 1, further comprising: 
a setting unit Which sets, as tentative images, some of the 

?rst X-ray images Which are generated during at least 
one cycle of an electrocardiogram and are not in?uenced 
by the contrast medium; 

a subtraction unit Which generates second subtraction 
images With regard to different electrocardiographic 
phases by performing subtraction betWeen each of the 
second X-ray images and one of the tentative images 
Whose electrocadiographic phase is nearest to a phase of 
each of the second X-ray images; and 
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a detecting unit Which detects an injection timing of a 
contrast medium on the basis of changes in pixel values 
of said second subtraction images. 

4. An apparatus according to claim 1, further comprising: 
an image sorting unit Which separates the second X-ray 

images into ?rst contrast images and second contrast 
images, and Wherein 

the selecting unit selects the one of the ?rst X-ray images 
With respect to each of the second X-ray images on the 
basis of correlations betWeen the ?rst contrast images in 
the non-contrast region and the ?rst X-ray images in the 
non-contrast region, and 

the subtraction image generating unit generates the sub 
traction images by performing subtraction betWeen each 
of the ?rst contrast image and the selected one of the ?rst 
X-ray images. 

5. An apparatus according to claim 4, Wherein the image 
sorting unit separates the second X-ray images into ?rst con 
trast images and the second contrast images before and after 
the start of movement of a bed top on Which a subject is 
placed. 

6. An apparatus according to claim 4, Wherein the image 
sorting unit separates the second X-ray images into ?rst con 
trast images and the second contrast images before and after 
the start of movement of at least one of a collimator and a 
compensation ?lter. 

7. An apparatus according to claim 1, Wherein the region 
detecting unit generates a ?rst minimum value projection 
image from said ?rst X-ray images by projection processing 
in a time axis direction, generates a second minimum value 
projection image from said second X-ray images, and detects 
the non-contrast region on the basis of a subtraction image 
betWeen the ?rst minimum value projection image and the 
second minimum value projection image. 

8. An apparatus according to claim 1, Wherein 
the region detecting unit detects a body movement region 

Which is Within the non-contrast region and in Which a 
body movement of the subject has occurred, and 
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the mask selecting unit obtains a correlation betWeen the 

?rst X-ray images in the body movement region and the 
second X-ray images in the body movement region. 

9. An image processing apparatus comprising: 
a region detecting unit Which detects a non-contrast region 

based on ?rst X-ray images before injection of a contrast 
medium and second X-ray images after injection of the 
contrast medium Which are generated by repeatedly 
radiographing a subject; 

a selecting unit Which selects one of the ?rst X-ray images 
With respect to each of the second X-ray images on the 
basis of a correlation betWeen the ?rst X-ray images in 
the non-contrast region and the second X-ray images in 
the non-contrast region; and 

a subtraction image generating unit Which generates sub 
traction images by performing subtraction betWeen each 
of the second X-ray images and the selected one of the 
?rst X-ray images. 

10. A computer readable medium including computer 
executable code Which When executed on a computer causes 
the computer to implement an X-ray diagnostic operation 
comprising: 

generating ?rst X-ray images before injection of a contrast 
medium and second X-ray images after injection of the 
contrast medium; 

detecting a non-contrast region based on the ?rst X-ray 
images and the second X-ray images; 

selecting one of the ?rst X-ray images With respect to each 
of the second X-ray images on the basis of a correlation 
betWeen the ?rst X-ray images in the non-contrast 
region and the second X-ray images in the contrast 
region; and 

subtraction image generating Which generates subtraction 
images by performing subtraction betWeen each of the 
second X-ray images and the selected one of the ?rst 
X-ray images. 


